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DYNAMICALLY VARIABLE SPOT SIZE
LASER SYSTEM

FEDERAL RESEARCH STATEMENT

The invention described herein was made in the perfor-
mance of work under a NASA contract and by an employee of
the United States Government and is subject to the provisions
of Section 305 of the National Aeronautics and Space Act of
1958, as amended, Public Law 85-568 (72 Stat. 435, 42
U.S.C. §2457), and may be manufactured and used by or for
the Government for governmental purposes without the pay-
ment of any royalties thereon or therefore.

CROSS-REFERENCES TO RELATED
APPLICATIONS

None.

FIELD OF INVENTION

The present invention relates to the field of welding and
brazing, and more particularly to a dynamically variable spot
size laser system for bonding metal components.

TERMS OF ART

Asused herein, the term “cover lens” means a transmissive
window to protect the inner parts and optics from environ-
mental contamination.

As used herein, the term “fiber” is a glass structure mea-
sured in microns which carries laser energy within a fiber
optic cable.

As used herein, the term “fiber laser power supply” refers
to a power supply which uses an optical fiber doped with
rare-earth elements to increase its output. Rare earth elements
include, but are not limited to, erbium, ytterbium, neody-
mium, dysprosium, praseodymium and thulium.

Asused herein, the term “focal lens” or “zoom lens” means
a transmissive lens that converges a beam to a specified area/
diameter.

Asused herein, the term “gas coverage assembly” refers to
a device or assembly internal to a dynamically variable spot
size laser torch that allows for even distribution of a shielding
gas to prevent contamination of the weld area. A gas coverage
assembly may include, but is not limited to, an annual cham-
ber, orifice, diffusion screens, and nozzle assembly.

As used herein, the term “gas diffusion screen” refers to
any thinly-woven screen or mesh-like structure that allows
gas to distribute over a working area.

As used herein, the term “guide beam” refers to a second-
ary low power laser device that provides a visual indication of
a primary laser’s path within the same optical path as the
primary welding laser. A guide beam is typically used prior to
welding or brazing to position a torch.

As used herein, the term “interlock switch” refers to any
structural component (e.g., a lever, sensor, button, door, touch
pad, code, or voice command) used to shut off power and/or
control access prior to a laser becoming operational.

As used herein, the term “laser beam” refers to light emit-
ted by a laser device.

As used herein, the term “lens position structural compo-
nent” refers to any structure or device used to alter the posi-
tion of at least one lens, including, but not limited to, external
pin systems, external rod systems, internal cam systems and
combinations thereof.
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As used herein, the term “operatively coupled” means per-
manently or temporarily in physical or electrical communi-
cation so that a component functions in a complementary or
consistent manner with another component.

As used herein, the term “optically aligned” means posi-
tioned along one common axis to a high degree of accuracy.
For example, lenses optically aligned with a laser create
essentially no pan or tilt of the laser beam that would cause
substantial internal heating of a dynamically variable spot
size laser torch; the laser beam is concentric with the internal
optics.

As used herein, the term “proximity sensor” means a
device that will detect the distance from a torch to a part
surface to activate the torch. For example, a torch may need to
be within a set distance for lasing to begin.

As used herein, the term “selectively adjustable” means
capable of being moved, altered, or otherwise adjusted as
needed. Components of a hand-held laser torch or system
may be selectively adjustable in real time. Components may
also be continuously selectively adjustable or selectively
adjustable in predetermined increments. Components which
are selectively adjustable may also be removable and replace-
able.

As used herein, the term “selectively positional” means
able to be attached, moved or otherwise positioned as needed.
Components of a hand-held laser torch or system may be
selectively positionable in real time. Components may be
selectively positionable in order to increase comfort and
safety when performing joining operations.

As used herein, the term “variable spot size” refers to a
focused area at a set distance from the end of a torch, gener-
ally the area (diameter) to which power is to be delivered,
which may be varied in real time by mechanically or manu-
ally adjusting internal lens configuration.

As used herein, the term “zoom lens assembly” means a
series of lenses that vary magnification (e.g., the relation of
the fiber optic cable to the spot size).

BACKGROUND OF THE INVENTION

Welding and brazing are processes used to join metallic
materials by applying heat to create a structural bond at the
interface of the two materials.

Brazing is a lower-temperature process where two materi-
als are joined using a third “filler” material. Because the filler
bonds at lower temperatures, brazing is generally used for
more heat sensitive, thin-wall components.

Metal bonding temperatures can cause damage to sensitive
components. This is particularly true of small, sensitive thin-
walled structures that may have a thickness of only thou-
sandths of an inch.

Examples of metal bonding processes known in the aero-
space industry include Gas Tungsten Arc Welding (GTAW),
Micro Plasma Transfer Arc (MPTA), hydrogen torch, and gas
metal arc welding (GMAW). However, the heat generated by
these bonding processes has damaged components, and the
space necessary for safe operation of these processes is not
conducive to making repairs in tight or confined areas.

Lasers are the most accurate means to accomplish sensitive
welding and brazing operations on small, thin walled com-
ponents while minimizing heat damage. Lasers accomplish
precise, area controlled heating over a reduced “spot size.”
“Spot size” refers to a focused area set at a distance from the
end of the laser beam that approximates the area (diameter) to
which power is to be delivered. A “heat affected zone” is the
actual area affected by the application of heat during a metal
bonding process.
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However, the use of lasers is extremely dangerous, even
lethal, thus limiting the settings in which they can be used.
Most laser systems known in the art, therefore, are completely
enclosed systems primarily restricted to automated robotic
operations. Completely enclosed and pre-programmed laser
systems are impractical for unique manual repairs on sensi-
tive components used in the aerospace industry.

Completely enclosed and pre-programmed laser systems
are impractical for repairs on sensitive components, and it is
often desirable to vary the amount of output power to accom-
modate specific areas of a work piece which may be more
sensitive than other areas. Hand-held laser systems, such as
those disclosed in U.S. Pat. Nos. 7,012,216 and 4,564,736
made by Honeywell Corporation and General Electric Cor-
poration, respectively, have been developed to provide lasing
systems with more output control. However, lasers, although
highly effective, are not used in many settings because con-
tact with a misdirected laser is critically dangerous for
humans and can destroy objects and components.

For example, NASA has only recently sanctioned the use
oflasers in very controlled and restricted settings. NASA had
made a determination that the accuracy and benefits of laser
welding are not worth the risk of misdirected lasers, even
when the lasers were operated by the most highly trained
operators. Features such as proximity sensors are known in
the art. However, these safety features are only effective if
they can be rapidly and efficiently deployed by a user.

There is an unmet need for safety features that enable safe
laser welding in an increased number of settings and particu-
larly in confined spaces.

There is a further unmet need for usable bonding technolo-
gies which can minimize heat damage to sensitive compo-
nents, particularly sensitive and thin-walled components used
in aerospace technologies.

There is a further unmet need for a hand-held lasing device
that allows a user to flexibly redirect the angle of a laser
relative to spot size in real time.

There is also an unmet for a handheld laser device which
can be used in confined spaces.

SUMMARY OF THE INVENTION

The present invention is a Dynamically Variable Spot Size
(DVSS) laser system for bonding metal components. The
DVSS laser system includes an elongated housing containing
a light entry aperture coupled to a laser beam transmission
cable and a light exit aperture. A plurality of lenses contained
within the housing focus a laser beam from the light entry
aperture through the light exit aperture. The lenses may be
dynamically adjusted to vary the spot size of the laser.

A plurality of interoperable safety devices, including a
manually depressible interlock switch, an internal proximity
sensor, a remotely operated potentiometer, a remotely acti-
vated toggle and a power supply interlock, prevent activation
of'the laser and DVSS laser system if each safety device does
not provide a closed circuit. The remotely operated potenti-
ometer also provides continuous variability in laser power
output.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an exemplary embodiment of a Dynami-
cally Variable Spot Size (DVSS) laser system.

FIG. 2 is an exemplary embodiment of a DVSS laser sys-
tem showing a proximity sensor.

FIG. 3 is an external view of an exemplary embodiment of
a DVSS laser system.
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FIG. 4 is an exemplary embodiment of a DVSS laser sys-
tem showing external control unit.

FIG. 5 is an flowchart illustrating the exemplary safety
logic ofa DVSS laser system in order for the device to operate

FIG. 6q illustrates an exemplary of a DVSS laser system
being used with the thumb depressing the interlock button.

FIG. 65 illustrates an exemplary of a DVSS laser system
being used with the index finger depressing the interlock
button.

DETAILED DESCRIPTION

For the purpose of promoting an understanding of the
present invention, references are made in the text to exem-
plary embodiments of a dynamically variable spot size laser
torch and joining system, only some of which are described
herein. It should be understood that no limitations on the
scope of the invention are intended by describing these exem-
plary embodiments. One of ordinary skill in the art will
readily appreciate that alternate but functionally equivalent
materials, components, and designs may be used. The inclu-
sion of additional elements may be deemed readily apparent
and obvious to one of ordinary skill in the art. Specific ele-
ments disclosed herein are not to be interpreted as limiting,
but rather as a basis for the claims and as a representative basis
for teaching one of ordinary skill in the art to employ the
present invention.

It should be understood that the drawings are not necessar-
ily to scale; instead, emphasis has been placed upon illustrat-
ing the principles of the invention. In addition, in the embodi-
ments depicted herein, like reference numerals in the various
drawings refer to identical or near identical structural ele-
ments.

Moreover, the terms “substantially” or “approximately” as
used herein may be applied to modify any quantitative repre-
sentation that could permissibly vary without resulting in a
change in the basic function to which it is related.

FIG. 1 is an exemplary embodiment of Dynamically Vari-
able Spot Size laser system 100. In the embodiment shown,
Dynamically Variable Spot Size (DVSS) laser system 100 has
housing 10 which is cylindrically shaped having a diameter of
less than 2 inches to accommodate a user’s grasp, but which
is also large enough to accommodate the internal components
of dynamically variable spot size laser torch.

As illustrated in the exemplary embodiment shown in FIG.
1, housing 10 is also compactly designed to allow operators to
safely use DVSS laser system 100 in confined areas. In further
exemplary embodiments, housing 10 may be weighted or
differently shaped to enable operators to perform specific
repair tasks. For example, in some exemplary embodiments,
housing 10 may be slightly bent.

In the exemplary embodiment shown, housing 10 is con-
structed of aluminum or other light weight, heat resistant
metal, alloys, resins or composite materials. The material of
housing 10 is selected to minimize the mass and thickness of
housing 10.

Shown on the exterior of housing 10 is manually depress-
ible interlock switch 50, the first of three safety activation
switches used with DVSS laser system 100. In the exemplary
embodiment shown, interlock switch 50 is a circuit (dead
man’s) switch which includes a flat, pressure surface large
enough for a user to find and depress by tactilely, rather than
visually, locating it. At rest, interlock switch 50 is in the off
position. In order to activate DVSS laser system 100, inter-
lock switch 50 must be depressed and continued to be
depressed during operation. DVSS laser system 100 will turn
off when interlock switch 50 is released.
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As illustrated in FIG. 1, manually depressible interlock
switch 50 is located near the laser-emitting end of DVSS laser
system 100 where a user would commonly be holding DVSS
laser system 100. In further exemplary embodiments, inter-
lock switch 50 may be differently located or arranged to
accommodate left- or right-handedness or may be included
higher up on housing 10. In still further exemplary embodi-
ments, interlock switch 50 may be moveable so that it can be
positioned where it feels most comfortable for the operator.

In the exemplary embodiment shown, housing 10 substan-
tially encloses the internal components of DVSS laser system
100 and contains light entry aperture 15 and light exit aperture
17. Laser beam 20 is generated by an external power source
(not shown) and transmitted to DVSS laser system 100 using
fiber optic cable 40, which enters DVSS laser system 100 at
light entry aperture 15.

As illustrated in the exemplary embodiment shown in FIG.
1, light entry aperture 15 and exit aperture 17 are have a
diameter of approximately 0.250 inches. However, the diam-
eter of light entry aperture 15 may dependently vary on the
size of fiber optic cable 40 transmitting laser beam 20.

Laser beam 20 is focused by a plurality of linearly arranged
lenses. In the exemplary embodiment shown in FIG. 1, laser
beam 20 is first received by collimating lens 30 and then
transmitted to focal lens 34 and cover lens 37 to narrow and
focus laser beam 20. In the exemplary embodiment shown,
DVSS laser system 100 also contains additional zoom lens
assembly 38 between collimating lens 30 and focal lens 34 to
provide more control over the spot size. Other embodiments
may omit additional zoom lens assembly 38.

In the exemplary embodiment shown, zoom lens assembly
38 contains two bi-convex lenses and a single meniscus lens.
In other exemplary embodiments, such as when brazing, a
fourth concave lens may be added to zoom lens assembly 38.

In the exemplary embodiment shown, the lenses 30, 34, 37
and 38 have a diameter of approximately 0.375 inches, and
housing 10 has an external diameter of 0.7 inches to accom-
modate the internally housed lens configuration comprised of
lenses 30, 34, 37 and 38. In further exemplary embodiments,
lenses 30, 34, 37 and 38 may have larger or smaller diameter,
and the diameters of lenses 30, 34, 37 and 38 may be incon-
sistent. For example, brazing requires a larger spot size while
welding uses a smaller spot size for more power density. The
internal diameter of housing 10 may be varied to accommo-
date lenses 30, 34, 37 and 38.

In the exemplary embodiment shown in FIG. 1, lenses 30,
34, 37 and 38 focus laser beam 20 at a distance of 0.5 inches
from light exit aperture 17. In further exemplary embodi-
ments, lenses 30, 34, 37 and 38 may be adjusted to focus laser
beam 20 at different distances.

In the exemplary embodiment shown, each lens 30, 34, 37
and 38 may be adjustable or replaceable to provide continu-
ously variable spot size. In some exemplary embodiments,
two separate DVSS laser systems may be provided, one for
brazing applications and one for welding applications. A
brazing torch would include adjustable lenses to create a
larger spot size with continuous variability to an area ratio of
9:1. A welding torch would include adjustable lenses to create
a smaller spot size to more precisely focus the energy of the
laser with continuous variability to an area ratio of 11:1.

In the exemplary embodiment shown, lenses 30, 34,37 and
38 are made from coated fused silica in order to withstand the
high temperatures generated.

As illustrated in FIG. 1, the lens system of DVSS laser
system 100 is designed so that the optimal brazing distance
from the end of DVSS laser system 100 is in a de-focused area
of the lens. This allows for a larger spot size for heating the
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joining area and accommodates varying sizes of filler metal
which may be used. In some exemplary embodiments, the
optimal working distance, such as that for welding, may be in
a focused area for zoom lens assembly 38.

The ability to flexibly change the spot size of laser beam 20
is critical to allow a user to appropriately tailor spot sizes
depending on the operation being performed. Variability in
spot sizes also accommodates varying sizes of filler metal to
be used during brazing processes.

The ability to repair or replace lenses 30, 34, 37, and 38 is
also critical to providing continuous variability in spot size.
Damaged or dirty lenses may be quickly and easily replaced.
In the exemplary embodiment shown, lenses 30, 34,37 and 38
may be removed without specialized tools, allowing lenses
30, 34, 37 and 38 to be adjusted, repaired or replaced at the
work site.

As illustrated in FIG. 1, lenses 30, 34, 37 and 38 are
adjusted together using lens position structural components,
which, in the exemplary embodiment shown, is an external
pin/rod system. In further exemplary embodiments, screws or
an internal movable cam system may be used to adjust lenses
30, 34, 37 and 38. A movable cam system or external pin/rod
system allows an operator to control focusing in real time
during the joining process.

Adjusting lenses allows a user to determine the spot size.
Spot size is decided based on the power density required. Spot
sizes may range from 0.002 inches to 0.075 inches.

In some exemplary embodiments, DVSS laser system 100
may include a mirror or system of mirrors which would direct
laser beam 20 and allow DVSS laser system 100 to be posi-
tioned at various angles. This would provide a greater flex-
ibility in the areas on which DVSS laser system 100 may be
positioned to perform joining operations. For example, a
mirror may be provided at a 45 degree angle to position laser
beam 20 at a desired work location. However, a mirror may be
positioned at any angle required.

Internal proximity sensor 60 is the second safety activation
switch. Internal proximity sensor 60 is exposed at light exit
aperture 17 and determines the distance from light exit aper-
ture 17 to a surface. If the distance is greater than a predeter-
mined distance, DVSS laser system 100 will not power on,
even if interlock switch 50 is depressed. Once light exit aper-
ture 17 is within the predetermined distance, internal prox-
imity sensor 60 will allow DVSS laser system 100 to be
activated, if the other safety activation switches allow. DVSS
laser system 100 will again deactivate if moved outside of the
allowable distance.

Inthe exemplary embodiment shown in FIG. 1, DVSS laser
system 100 contains a single internal proximity sensor 60. In
further exemplary embodiments, DVSS laser system 100 may
contain additional internal proximity sensors.

As illustrated in FIG. 1, DVSS laser system 100 also con-
tains integral inert gas coverage system 70. Gas flow rates are
controlled by the external control unit (not shown) and acti-
vated once the foot toggle switch (not shown), the third safety
activation switch, is depressed and continues for a duration of
30 seconds following the return of the toggle switch to the off
position. In further exemplary embodiments, ECU may be
configured to provide gas flow for varying durations.

Integral inert gas coverage system 70 contains finalized gas
cone 72 with gas fitting 74 to provide flow through the center
of DVSS laser system 100. Integral inert gas coverage system
70 also contains diffusion screens 77 which properly distrib-
ute gas flow on the work piece without compromising any of
the laser energy emitted from the torch. Integral inert gas
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coverage system 70 reduces the possibility of contamination
and provides a locally controlled environment for the joining
process.

Integral inert gas coverage system 70 also contains annular
chamber 79 with gas orifice ring 73. Annular chamber 79 may
also be referred to as a “gas chamber” or “gas filled annulus.”
Gas enters annular chamber 79 tangentially and delivered
through finalized gas cone 72.

As illustrated in FIG. 1, integral inert gas coverage system
70 is integral to DVSS laser system 100, and gas is released in
the same path as laser beam 20. Integral inert gas coverage
system includes annular chamber 79, orifice ring 73, diffu-
sion screens 77 and gas cone 72. Integral inert gas coverage
system distributes the shielding gas in the small area being
brazed or welded to prevent contamination, such as oxidation,
which can lead to cracking or impurities. Integral inert gas
coverage system 70 allows the gas flow to be controlled and
specifically aimed to prevent a small area from becoming
flooded with the gas, which could be dangerous in a confined
space.

In the exemplary embodiment shown, diffusion screens 77
are replaceable. In further exemplary embodiments, diffusion
screens 77 may be positionable to allow for changes in the
inert gas field as a job requires.

Integral inert gas coverage system 70 may also be used with
customized or off-the-shelf gas lenses, similar to those used
with a GTAW torch. Flexibility in gas lenses allows for vary-
ing gas coverage for working with a variety of metals.

FIG. 2 illustrates light exit aperture 17 of an exemplary
embodiment of DVSS laser system 100. In the exemplary
embodiment shown, DVSS laser system 100 contains three
internal proximity sensors 60 located around light exit aper-
ture 17. As illustrated, internal proximity sensors 60 are on
only half of the circumference of light exit aperture 17. How-
ever, in other exemplary embodiments, internal proximity
sensors 60 may be more clustered or symmetrically arranged
around light exit aperture 17. In further exemplary embodi-
ments, a single internal proximity sensor may be used.

Integral diode guide beam 25 is also shown in FIG. 2
aligned with the optical path of laser beam 20 (not shown). In
the exemplary embodiments shown, laser beam 20 (not
shown) created by the power supply (not shown) is an invis-
ible beam. To aid a user in determining where laser beam 20
(not shown) is in relation to the material being joined, housing
10 contains integral diode guide beam 25 which is integrated
into the optical path of laser beam 20 (not shown). In some
exemplary embodiments, integral diode guide beam 25 may
be configured to be on at all times. In further exemplary
embodiments, integral diode guide beam 25 may be config-
ured to turn on when any safety activation switches is trig-
gered.

In the exemplary embodiment illustrated in FIG. 2, internal
proximity sensors 60 are attenuated sensors and integral
diode guide beam 25 provides the feedback to the system.
Guide beam 25 produces the signal detected by internal prox-
imity sensors 60 to detect the difference between different
surfaces and materials, such as ferrous metals, nonferrous
metals, superalloys and skin. DVSS laser system 100 may
therefore be programmed to not activate if proximity sensors
detect skin.

FIG. 3 is an external view of an exemplary DVSS laser
system 100. Fiber optic cable 40 enters DVSS laser system
100 at light entry aperture 15, and joins variable spot size laser
torch to power supply (not shown). Interlock switch 50 is
located near the laser-emitting end of variable spot size laser
torch 100, but a sufficient distance away from light exit aper-
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ture 17. Interlock switch wiring 55 runs from manually
depressible interlock switch 50 to an external control unit (not
shown).

As illustrated in FIG. 3, interlock switch 50 is approxi-
mately 1.5 inches from light exit aperture 17 and movable
radially around the center axis of housing 10 within a range of
180 degrees. Axial movement along housing 10 is limited, but
the position of interlock switch 50 may be axially adjusted
within a range of 0.5 inches.

Proximity fiber 65 connects internal proximity sensor 60
(not shown) to the external control unit (not shown) which
prevents activation of DVSS laser system 100 if all safety
activation switches are not appropriately triggered.

Gas input 75 is also shown in FIG. 3 and provides gas to
integral inert gas distribution system 70 (not shown).

FIG. 4 is an exemplary embodiment of joining system 200
using DVSS laser system 100. DVSS laser system 100 is
connected to external control unit (ECU) 90 by interlock
switch wiring 55, proximity fiber 65 and gas input 75. ECU 90
is connected to gas supply 92 through gas connection 94 and
power supply 95 through power supply cable 93. Power sup-
ply 95 generates laser beam 20 (not shown), which is trans-
mitted to hand-held laser torch 100 by fiber optic cable 40.

Also shown in the exemplary embodiment illustrated in
FIG. 4 is the third safety activation switch, remotely activated
potentiometer 80, connected to ECU 90 by toggle wire 85. In
the exemplary embodiment shown, remotely activated poten-
tiometer 80 is a foot pedal. In its default position, without
pressure applied to remotely activated potentiometer 80,
remotely activated potentiometer 80 is off and DVSS laser
system 100 will not activate. When remotely activated poten-
tiometer 80 is depressed, DVSS laser system 100 is able to be
activated, providing the remaining safety activation switches
are appropriately triggered.

In the exemplary embodiment shown, remotely activated
potentiometer 80 is a foot pedal which provides familiarity to
existing joining systems known in the art, such as the GTAW
welding system. However, in further exemplary embodi-
ments, remotely activated potentiometer 80 may be a struc-
ture on DVSS laser system 100 or ECU 90. In still further
exemplary embodiments, remotely activated potentiometer
80 may be vertically mounted or mounted on an undersurface
of a material being worked on. In such exemplary embodi-
ments, remotely activated potentiometer 80 may be activated
with a user’s knee, ankle or other body part.

Remotely activated potentiometer 80 also acts to variably
control the laser power output, giving an operator direct con-
trol of the output intensity. Many repairs or other operations
require an operator to vary the heat input as the operation is
taking place. In other exemplary embodiments, remotely acti-
vated potentiometer 80 may be any structure which allows a
user to vary the output of DVSS laser system 100.

In some exemplary embodiments, remotely activated
potentiometer 80 may also contain a remote deactivation
switch which allows a secondary operator to de-activate
DVSS laser system 100 if necessary. For example, a remote
deactivation switch may be located on ECU 90 or other com-
ponent accessible by a secondary operator. Remote activation
of remotely activated potentiometer 80, however, will not
energize DVSS laser system 100.

In the exemplary embodiment shown in FIG. 4, the single
ECU 90 allows an operator to control the multiple variables of
joining system 200, such as power and gas flow rate, instead
of the controls located on the individual components of join-
ing system 200, such as power supply 95 and gas supply 92.
In some exemplary embodiments, ECU 90 may also contain
an activation switch or power supply interlock switch which
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allows an operator to power on joining system 200 without
interacting directly with power supply 95.

In the exemplary embodiment shown, variable spot size
laser torch 100 is designed to work with existing off-the-shelf
power supplies. The power supply 95 illustrated in the exem-
plary embodiment in FIG. 4 is a fiber laser 300 W maximum
output power supply known in the art, such as the Nd:YAG
(neodymium doped yttrium aluminum garnet) power supply
manufactured by Miyachi-Unitek.

In some exemplary embodiments, power supply 95 may be
a fiber laser which allows for various modes of operation,
such as pulsed, continuous or quasi-continuous modes and a
variety of wave forms (i.e., square, sine, saw).

Power supply 95 in the exemplary embodiment shown uses
a3-phase 220V, 50 A minimum electricity input and supplies
a low pulsed laser beam through fiber optic cable 40. In the
exemplary embodiment shown, fiber optic cable 40 is housed
in a protective plastic and metal sheath.

In further exemplary embodiments, DVSS laser system
100 may be configured for use with a specifically designed
power supply or any other power supply known in the art to
supply the power needed to generate laser beam 20 (not
shown).

As illustrated in FIG. 4, ECU 90 incorporates all controls
necessary to perform brazing or welding with off-the-shelf
power supply 95. ECU 90 provides power to interlock switch
50, internal proximity sensor 60 and remotely activated
potentiometer 80 and switches control of DVSS laser system
100 from power source 95 to remotely activated potentiom-
eter 80. ECU 90 also regulates the flow rate of the shielding
gas, provided by gas supply 92 and provides an emergency
stop close to where DVSS laser system 100 is being used.

As illustrated in FIG. 4, joining system 200 is approxi-
mately the size of a desktop computer, with fiber optics cable
40 available in extended sizes to allow joining operations to
be performed in an open or field environment.

FIG. 5 is a flowchart illustrating the exemplary safety logic
of'an DVSS laser system and system in order for the torch to
operate.

First, in Step 510, the power supply interlocks must be in
the closed, or on, position, with the emergency shutdown
switch in the open, or off, position. The remote activation
control for the toggle switch must also be in the closed posi-
tion (Step 520).

In Step 530, an operator must then physically hold the
variable spot size laser torch and depress the interlock switch,
closing the circuit. Once the torch is brought within the allow-
able distance from the surface of the work piece, the proxim-
ity sensor indicates the work piece’s presence (Step 540).

The remotely operated potentiometer must also have some
voltage applied to be in the closed position (Step 550). Once
each safety condition is met, in Step 560, the power supply
will activate and generate a laser beam.

If any of the closed switches return to an open position, or
any of the open switches changed to a closed position, the
system will deactivate and the power supply will cease gen-
erating the laser beam. No laser beam will be generated unless
all safety devices create closed circuits.

FIGS. 6a and 65 illustrate an exemplary embodiment of
DVSS laser system 100 which is structurally for adapted for
hand-held use in confined spaces, and which is further
adapted to be securely grasped and to deliver heat to a specific
work area by varying the grasping angle. In the embodiments
shown, auser manually varies the angle of delivery by quickly
changing their grasp.

In FIG. 6a shows DVSS laser system 100 being used to
deliver a laser beam toward an object toward the front of
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DVSS laser system 100. In this illustration, the user is grasp-
ing DVSS laser system 100 in a manner which allows the user
to depress interlock switch 50 with a thumb. Since DVSS
laser system 100 can be rotated 180 degrees within user’s
grasp, it can be adapted for right or left hand use.

In FIG. 65 shows DVSS laser system 100 being used to
deliver a laser beam toward an object toward the side DVSS
laser system 100. DVSS laser system 100 is rotated to direct
the laser beam to an entirely different angle beneath DVSS
laser system 100. In this illustration, the user is grasping the
device in a manner which allows the user to depress interlock
switch 50 with a forefinger.

The angle of delivery is determined by a user’s line of
vision, the position of the object being repaired and the grasp-
ing preferences of an individual user to provide maximum
control.

What is claimed is:

1. An dynamically variable spot size laser apparatus com-
prised of:

an elongated housing having a light entry aperture and a

light exit aperture;

a laser beam transmission cable secured to said light entry

aperture;

aplurality of linearly arranged lenses contained within said

housing and in optical alignment with a laser beam to
focus said laser beam through said light exit aperture;

a guide beam within the optical path of said laser beam;

a gas coverage assembly comprising

a gas cone containing a gas fitting,
at least one gas diffusion screen,
an orifice ring, and

an annular chamber;

at least one proximity sensor positioned adjacent said light

exit aperture and inside said housing; and

an interlock switch on the outer surface of said housing.

2. The apparatus of claim 1 wherein said light entry aper-
ture and said light exit aperture have a diameter of 0.250
inches.

3. The apparatus of claim 1 wherein said at least one inter-
lock switch is a manually depressible switch.

4. The apparatus of claim 1 wherein said plurality of lenses
includes a zoom lens assembly.

5. The apparatus of claim 4 wherein said zoom lens assem-
bly includes two bi-convex lenses and a meniscus lens.

6. The apparatus of claim 4 wherein said zoom lens assem-
bly includes a concave lens.

7. The apparatus of claim 1 wherein said plurality of lenses
includes at least one collimating lens wherein the diameter of
said collimating lens is 0.375 inches.

8. The apparatus of claim 1 wherein said plurality of lenses
includes at least one focal lens.

9. The apparatus of claim 1 wherein said plurality of lenses
includes at least one cover lens.

10. The apparatus of claim 1 which further includes at least
one lens position structural component to dynamically vary
spot size within a range of 0.002 to 0.075 inches.

11. The apparatus of claim 1 which further includes at least
one lens position structural component is selected from the
group consisting of an external pin system, an external rod
system, an internal cam system and combinations thereof.

12. The apparatus of claim 1 which further includes at least
one mirror optically aligned with said laser beam.

13. The apparatus of claim 12 wherein said at least one
mirror is aligned at a 45 degree angle.
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14. The apparatus of claim 1 wherein said at least one
proximity sensor is an attenuated sensor and said guide beam
provides feedback from said proximity sensor to detect one or
more material characteristics.

15. The apparatus of claim 14 wherein said at least one
proximity sensor is configured to detect the difference
between materials selected from the group consisting of fer-
rous metals, nonferrous metals, superalloys, skin and combi-
nations thereof.

16. The apparatus of claim 1 wherein said at least one gas
diffusion screen is selectively removable.

17. The apparatus of claim 1 wherein said interlock switch
is radially movable around the center axis of said housing
with a range of 180 degree movement.

18. The apparatus of claim 1 which further includes a
remotely operated potentiometer.

19. The apparatus of claim 18 wherein said interlock
switch, said at least one proximity sensor and said remotely
operated potentiometer are operatively connected to prevent
activation of said dynamically variable spot size laser appa-
ratus when said interlock switch, said at least one proximity
sensor and said remotely operated potentiometer do not each
create a closed circuit.

20. A dynamically variable spot size laser system com-
prised of:

a laser apparatus comprising

an elongated housing having a light entry aperture and a
light exit aperture;

a laser beam transmission cable;

a plurality of linearly arranged lenses contained within
said housing and in optical alignment with a laser
beam to focus said laser beam through said exit aper-
ture;

a guide beam within the optical path of said laser beam;

10

15

20

25

30

12

a gas coverage assembly comprising
a gas cone containing a gas fitting,
at least one gas diffusion screen,
an orifice ring, and
an annular chamber;

at least one proximity sensor positioned on said housing;
and

a first interlock switch on the outer surface of said hous-
ng;

a laser-generating power supply operatively coupled to
said fiber optic cable and containing second interlock
switch which prevents activation of said laser-generat-
ing power supply when creating an open circuit;

a gas supply connected to said laser apparatus; and

a remotely operated potentiometer;

wherein an external control unit is operatively coupled to
said first interlock switch, said proximity sensor and said
potentiometer to prevent activation of said laser-gener-
ating power supply without each of said first interlock
switch, said proximity sensor and said potentiometer
creating a closed circuit.

21. The system of claim 20 wherein said external control
unit contains a remotely activated toggle which creates a
closed circuit to activate said laser-generating power supply.

22. The system of claim 20 wherein said potentiometer is a
foot pedal.

23. The system of claim 20 wherein said potentiometer is
operatively coupled with said external control unit to control
said power source’s output intensity.

24. The system of claim 20 wherein said power supply is a
neodymium doped yttrium aluminum garnet power supply.

25. The system of claim 20 wherein said power supply is a
fiber laser power supply.

#* #* #* #* #*
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